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Supplementary File: Data and Statistical Modelling Details
presents the dataset used in the paper. The mean estimated age A is from the model proposed by Bebbington and Cronin (2011) and Bebbington (2013) . The area (A ph ) and volume (V ph ) of phreato-magmatic deposits were measured by Kereszturi et al. (2013) . The substrate type in the Auckland Volcanic Field is either the East Coast Bays Formation (alternating sandstone and mudstone), denoted by H, or the covering soft sediment of mud, sand and gravel, denoted by S. The estimated thickness of soft sediments is given by T S . The present elevation above sea level is Z, while correcting for this using the mean estimated age and sea-level records (Kereszturi et al., 2014) gives a secondary covariate A Z . The distance to the nearest fault is given by D f , where the asterix denotes a maximum distance; in some cases (*), due to overlaying sediment, there may be an unknown nearer fault. Whether the eruption made the transition to effusive is indicated by a 1 in the TRANS column.
In the southern parts of the Auckland Volcanic Field (AVF) the faults locations are not completely known due to burial by soft-sediments covering the hard basement rocks (e.g. Fig. DR1-3) . Hence, for volcanoes located in the southern part of the AVF (denoted by an asterix in Table DR1 ) the presence of unknown faults means that the distance to the nearest (known) fault was treated as a maximum in the modeling procedure to remove the consequent bias. To achieve this, the distance to the nearest fault was modeled by a gamma distribution with density
This means that y=1/x will have an inverse gamma density as:
where the parameters  and  can be estimated using the Kaplan-Meier (Product Limit) estimate (see, e.g., Lawless 2003, p. 80), which allows for values for which only a minimum value is known; hence the inverse transformation. The Kaplan-Meier and fitted inverse gamma distribution for the distance to the nearest fault is shown in Figure DR1 . In several cases (e.g., N/A in Table DR1 ), no phreatomagmatic deposits were identifiable, due to erosion or burial by later deposits. This does not mean that these eruptions had no phreatomagmatic phase, and as these eruptions all, by definition, made the transition omitting them would bias our results. It is considered that all eruptions in the AVF have/will have a phreatomagmatic phase. From a modelling point of view, we want to avoid inferring any causality from the magmatic transition to unknown phreatomagmatic volumes or areas. Instead we use the empirical distribution of the phreatomagmatic volumes from the other volcanoes in the field, which avoids adding extra information, and still allows these eruptions to contribute toward the identification of geologic factors. Hence the missing data are imputed at each update from a gamma distribution fitted to the known (i.e., from the remaining 42 centres in Table DR1 ) volumes ( = 1.062,  = 0.2822) or areas ( = 2.311,  = 2.157).
The best model is the one with the smallest Deviance Information Criterion (DIC) value (Spiegelhalter et al., 2002 ). This balances model fit against model complexity. In this case, the model (note the absence of an intercept term) with minimum DIC = 32.201 was:
where p is the probability of transition, and I H and I S are indicator variables. The former equals 1 when the substrate is stone, 0 otherwise, while the latter equals 1 where the substrate is sand and mud, and is 0 elsewhere. Thus the first two terms are always present, while either the third or the fourth and fifth are present depending on the substrate. The addition of 5m to the elevations in the third term ensures that the term is monotonic in the phreatomagmatic volume, e.g., that a trend for a less likely transition with greater volumes does not change sign if the elevation increases. The factor of 10 in the fifth term is simply a rescaling.
The model was run for 50,000 iterations, plus a 1000 iteration burn-in period to overcome initial bias, and the remainder thinned by a factor of 10 to remove autocorrelations and produce an approximately random sample of size 5000. Using N(0,106) reference priors (Christensen et al., 2010) The mapping (Fig 1 A&B) using Eq. 1 in the paper was performed using the input layers summarized in Fig. DR3-6 . The factors are the distance from faults (Fig. DR3) , present-day elevation (Fig. DR4) , thickness of soft-sediment cover (Fig. DR5) , and the substrate-type (Fig. DR6) . Data on sediment thickness and fault lineaments in subaqueous areas is scarce, and so potential locations that are covered by sea are not included. Note that data on fault locations in the southern part of the AVF is uncertain, so the transition probability may be slightly higher or lower than is estimated through the bias correction above.
Fig. DR3:
Distance from known faults. The fault data is after Kenny et al. (2012) . The larger values in the southern part of the AVF suggest a bias due to soft-sediment cover. 
